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0 Resolution doubling lithography technique. 

® A lithography system is disclosed which is capable of doubling the spatial frequency resolution associated 
with conventional systems. A spatial filter (e.g.. 20). positioned to intercept the Fraunhofer diffraction pattern of 
the mask (e.g., 18) being exposed, is configured to prevent certain orders of the diffraction pattern (in most 
cases the O-order and ±2nd. 3rd, ... orders) from reaching the wafer's surface. The remaining orders reaching the 
wafer surface (in most cases the ± first-order beams) will produce a cos-type interference pattern with a period 
half of that if the masic grating were imaged without spatial filtering. Therefore, for a system with a given 
magnification factor m, a mask grating with a period p will be exposed on the wafer surface as a grating with a 
period of p =pm/2. Advantageously, the spatial filtering technique of the present invention allows for a variety of 
different structures (conventional gratings, chirped and phase-shifted gratings, grids, Fresnel zones plates, etc.), 
as well as structures of different sizes and orientations, to be included on one mask and transferred to the wafer 
^ witii a single exposure cycle. 
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REillllnON DOUBUNG LITHOGRAPHY TECHNIoil^ 



Background of the invention 



1. Field of the invention 
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The present invention relates to a lithography exposure technique and. more particulariy. to a technique 
which utilizes spatial filtering in the Fourier transfonn plane of the masle to provide twice the resolution of 
convenfaona! lithography systems. 



2. Description of the Prior Art 
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Vanous types of Integrated optical circuits are beginning to require the fbmiation of sub-micron sized 
features. For example, distributed feedback lasers include an internal grating layer with a period of 0^3 um 
(feature size 0.115 um). and distributed Bragg reflectors on dielectric waveguides often require a period of 
0.5 um (0.25 urn feature size). p 

Much research has been directed toward improving the resolution of photofithography systems for use 
IT^^'It^- regime. One such sub-micron photolithography system is disclosed in U.S. Patent 

4.450.358 issued to G. O. Reynolds on IWlay 22. 1984. The Reynolds' system utilizes a deep UV souroe 
(excimer laser), coherent condenser optics, a reflective optical system and coursertine focus control, and is 
capable of exposing line widths in the range of 0.25H}.50 um. However, the focus control, as described 
requires a significant increase in both the system cost and the time required to perfonn an exposure. 

An alternative sub-micron photolithography technique is disclosed in U.S. Patent 4.360.586 issued to D 
C. F^ers et al. on November 23. 1982. and relates to a spatial period division technique. In particular, a 
mas»< having a spatial period p is separated from the surface of the wafer by a distance S detennined by 
ttie relation S= p^/hx. For n= 2. the near-field diffraction of a fight source through the mask will result in 
doubling the period of the mask on the wafer surface (n=3 will triple). Therefore, the period of the grating 
exposed on the wafer will be a function of the gap separating the mask from the wafer. Problems arise 
however, in the ability to control this gap so as to provide consistency and unHomiity from wafer to water 
for the same mask. For example, with X=0.25um (Krf excimer laser) and p=0.5um. S should be 0.5am 
Which IS difffcult to control. For some systems, excessively long exposure times (>190 hours) are also 
^'i"'!^* ^ J"!?^®"* paper on this same subject, by A. M. Hawryluk et al.. entitled "Deep-ultravioiet 
spatiahpenod division using an excimer laser", appearing in Optics Utters, vol. 7. No. 9. September 1982. 
pp. 402-4. addresses the long exposure problem. By using aFTSSiSSTiSbr source Hawryluk et al. found 
tt»at exposure tmes coukJ be reduced to under one hour (25 minutes, for example). However, the laser- 
oased system sbll relies on the mask-to-wafer gap control for correct exposure. 

Yet another system is described in an article entitled "Excimer laser-based fithography: a deeo 
I^^ITZ!^'" "J fn' ^ ^' ^"'"9 in SPIE. Vol. 663. "Optical MicrorrthoSpS/v". IWarcf 
• ^'^^ projection system was developed by modifying a commercial step and 
V^^^f}^^^ ^° ^ 248nm with an all-quartz lens and a KrF exdmer laser. The quartz 

lens exhibite a 5X reduction and has a field size of 14.5 mm. with a numerical aperture (MA) which is 
vanabte from 0.2 to 0.38. This system has been found to produce a resolutton of 0.5um over the uJnm 
fiew. witti a depth of focus in the range of approximately ±2 um. However, the contrast exhibited by this ' 
systemis too tow to provkJe the printing of gratings with a smaller period, for example. 0.4-0.5 um (0.2-0 25 
linx feature stze). 

^ *" *® P"°^ « lithographic technique which is capable of sub-half-micron 

resolution, relatively inexpensive and easy to implement, and capable of providing consistent exposures. 

Summary of the Invention 

The need remaining in the prior art Is addressed by the present invention which relates to an improved 
projection lithography exposure technique, and more particularly, to such a technkpie whtoh utilizes spatial 
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filtering in the raBBr transfonm plane of the mask to provlde^IKe the resolution of conventional 
lithographic systems. 

In accordance with the present invention, an aperture filter Is located at the position within the system 
where the Fourier transform (Fraunhofer diffraction pattern) of the mask will appear (within the projection 

5 lens system positioned above the wafer). In one embodiment, the filter is configured to block the zero-order 
(undiffracted) radiation diffracted by the mask into the lens system. The blocking of the zero-order beam 
has been found to result in the frequency doubling of the magnified mask grating, by virtue of the 
interference of the remaining ±first-orders of diffraction on the wafer surface (the filter is configured to also 
block the higher order beams - ±2nd, 3rd, etc.). This technique thus combines an interference of two beams 

70 (iflrst-order) with the conventional imaging technique as found In prior art projection lithography. In fact, the 
insertion of such a spatial filter Into a standard photolithography system requires only a sight modification, 
yet results in doubling the resolution of the system. Thus, various photolithographic exposure systems (e.g., 
Cassagrain-type reflective systems, double-Gauss lens design refractive systems) may utilize this spatial 
blocking technique. 

75 In another embodiment of the present invention, spatial filtering in the mask Fourier transform plane 
may be utilized In lithographic systems having oblique illumination, i.e., where the illumination source is off- 
axis and tile spatial filter allows only the 0-order and one first-order beam to interfere. When used with a 
coherent (or partially coherent source), this filtering and Interference technique provides twice the resolution 
of other coherent systems (with a contrast approaching 100%). 

20 An advantage of the present technique of blocking of the zero-order t>eam is tiiat it has been found to 
provide a much higher contrast (« 100%) and a much larger depth of focus (±13 urn) than otiier deep-UV 
photolithographic systems (typical values: contrast 50%-60%: depth of focus « ±lum). As a result of either 
using a small illumination source, or small holes in the filter, tills system is also less sensitive to lens 
aberrations than conventional projection lithographic systems. 

55 Anotiier advantage of the spatial filtering technique of the present invention is that gratings with different 
periods, or gratings witii chirp in tfieir period, may be fonmed at any location on tiie wafer witii only a single 
exposure. In particular, gratings with different periods, sizes, configurations and orientations can all be 
produced on the same chip with a single exposure- In fact, this system may be used to print a variety of 
structures including grids, circles and zone plates. Thus, the present spatial filtering technique finds wide 

30 application for the formation of a variety of structures. 

Yet another advantage of the present technique is that it Is not wavelength-dependent and thus Is 
compatible with virtually any type of illumination source - x-ray, visible, UV. near-UV. deep-UV, etc. 

Otfier and furtfier advantages of the spatial filtering technique will become apparent during the course of 
the following discussion and by reference to the accoinpanying drawings. 

35 



Brief Description of the Drawing 

RG. 1 illustrates. In a diagram form, an exemplary lithographic system of the present invention; 
40 FIG. 2 illustrates an exemplary mask, including a variety of grating structures, grids, circles and zone 

plates which may ail be exposed with the spatial filtering system of tiie present invention; 

FIGs. 3-5 Illustrate various spatial filters which may be included in the system of FIG. 1; 
FIG. 6 represents the spatial function describing one exemplary grating structure of FIG. 2; 
FIG. 7 represents tfie spectrum of tiie geometrical image of the spatial function of FIG. 6, witfi an 
45 exemplary spatial filter formed in accordance witii the present invention also illustrated In RG. 7; 

FIG. 8 represents the amplitude distribution of the electric field, in the image plane, of the exemplary 
grating structure; 

FIG. 9 represents the final Image irradiance of the frequency-doubled grating structure which 
Impinges the surface of the resist on the wafer; 
so FIG. 10 illustrates an alternative, obliquely illuminated, litiiography system, utilizing the spatial filtering 

technique of the present invention; and 

FIG. 11 is representative of the spectrum of the geometrical image obtained from the oblique 
illumination system of FIG. 10; and 

FIG. 12 is an SEM photograph of an exemplary grating with a period of 0.5 um (0.25 um feature 
55 size) formed using the spatial blocking technique of tiie present invention. 



Detailed Description 

3 
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The present invention to a type of projection lithography syster^^^a projection system, an 

image of the pattern on the mask is projected onto the wafer. The image field is then repeated, or stepped, 
across the surface of the wafer so as to transfer many copies of the mask pattern onto the wafer surface. In 
most projection systems, a magnification factor exists between the pattern on the mask and that which is 
5 printed on the wafer. That is, a mask pattern with 25 um sized features, when used with a 10X reduction 
system (magnification factor m = 0.1) will be capable of printing 2.5 um features on the wafer surface. 

FIG. 1 Illustrates, in a simplified diagrammatic form, the optics of an exemplary projection system 10 
utilizing the spatial filtering technique of the present invention. It will be assumed, for the purposes of the 
present discussion, that a coherent source 12 is used; that is, a point source will be illuminating the mask. 
10 (However, the system of the present imrention may also utilize a Incoherent source, or alternatively, a 
partially coherent source.) The light output from source 12 subsequently passes through a condenser 14, 
where condenser 14 is an imaging system which forms an image of source 12 at lens entrance pupil 15. A 
mask 18 is positioned at the exit pupil of condenser 14 and is illuminated by the light beam emerging from 
condenser 14. 

75 Mask 18 may contain various patterns (series of lines and spaces) which are desired to be produced on 
the surface of the wafer. One such exemplary mask is illustrated in FIG. 2. This particular mask contains 
three different grating patterns which are to be exposed, the first pattern A being a simple grating with a 
duty cycle of 1/2 (equal lines and spaces). A phase-shifted pattern B (a grating with an extended gap 
between adjacent lines to provide a desired phase shift) and a chirped pattern C (a plurality of gratings with 

20 different periods, juxtaposed to fonm a single grating structure) are also included in mask 18. As noted 
above, an advantage of the spatial filtering projection system of the present invention is that these various 
types of gratings may ail be formed with a single exposure. 

In iaxX as noted above, the spatial littering technique of the present Invention can t>e utilized to provide 
resolution doubling of structures otiier than gratings, most notably, two-dimensional shiictures. For example. 

25 grids (which may be thought of as two intersecting gratings) may also be printed. Two examples of such 
grids are illustrated in FIG. 2, the first pattern O being a rectangular grid, and a second pattern E being an 
oblique grid. When two-dimensional masks are used, tiie spatial filter must be configured to pass the first- 
order beams associated with each dlmen^on. The light will be diffracted by such a grid to fomri a two- 
dimensional set of spots on the wafer surface. If a pair of half-wave plates are added to the mask In tiiis 

30 case (to retard one set of first-order beams witii respect to the otiier set), an increase In resolution may be 
obtained, at the expense of decreased contrast 

Additionally, a set of N evenly-spaced circles on the mask, illustrated as pattern F. will be printed as a 
set of 2N evenly-spaced circles on the wafer, the factor 2 attributed tiie frequency doubling of tiie spatial 
filter. A Fresnel zone plate, illustrated as pattern G in RG. 2, is similar to the circular pattern described 

35 above, but has a varying space between adjacent drcles. Normally, a zone plate cannot focus light to a 
^3ot any smaller than its outermost ring. Thus, a zone plate formed by a conventional prior art litiiographic 
process cannot exhilMt any better resolution than the litiiographic process Itself. However, when such a zone 
plate is printed using the spatial filtering technique of the present invention (i.e., allowing only the ±first- 
order beams to pass through the filter and interfere at tiie wafer surface), the frequency of the lines will 

40 double and the Image will be a zone plate ^ith half the focal lengtii of a conventionally imaged zone plate. 
When a zone plate printed by fliis method Is used as a lens for printing small patterns or focusing light to a 
point its resolution wouW be doubled. Thus, even though the lens mtii a spatial filter cannot focus light to a 
point twk:e as fine as when the lens is used in its conventional form, it can be used to make zone plates 
capable of such performance. Depending on the degree of coherence in tiie light source and the size of 

46 central ot>scuration, the central zone and perhaps the first few zones may not be printed accurately. 
However, this will not affect the resolution of the zone plate when it acts as a lens. 

Returning to FIG. 1, optical lithography system 10 further includes a projection tens 16 arrangement 
which is utilized, as described above, to image tiie mask pattern onto the surface of a wafer 20. Projection 
lens 16 also provides the desired magnification, m, between mask 18 and wafer 20. Typical projection 

so systems provide either a 5X or 10X reduction. For the purposes of the present discussion, a 5X system 
(magnification factor m = 0.2) will be assumed. Most importantiy, projection system 10 of the present 
invention includes a spatial filter 22 which is positioned within projection lens 16 at the location where the 
Fraunhofer diffraction pattern (Fourier transform) of mask 18 will appear. As will be described in more detail 
betow, spatial filter 22 is designed to Include a central obscuration for blocking the 0-order (undiffracted) 

65 fc^eam of the Fraunhofer diffraction pattem from reaching the surface of wafer 20, as well as the higher-order 
(2nd. 3rd, etc.) beams, the latter beams (when small period gratings are printed) being blocked as in 
conventional projection lithography systems. 

RG. 3 illustrates one such exemplary spatial filter 22 which Includes a pair of apertures 24.26, disposed 
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as indicated in thi^P^ing. With the blocl<ing of the 0-order beam l9|HRer 22, the illumination reaching the 
surface of wafer 20 will not be an image of the mask grating, but in reality the cosine-type interference 
fringes produced by the interfering first-order beams which are allowed to pass through apertures 24,26 of 
filter 22. The result of this interference is that the period of the filtered illumination will be twice as small as 
5 the period of the grating would be if imaged through a conventional tensing system. Therefore, a mask 
grating with a period of 5.0 um will produce a grating with period 0.5 um on the wafer surface. The 
resolution of the inventive projection system is thus doubled, when compared with conventional systems, by 
blocking the 0-order beam from the wafer surface. 

FIG. 4 illustrates an alternative blocking filter 28 which includes a vertical stripe 30 for blocking the 0- 
10 order beam. Another filter design which also allows the higher orders to be passed is illustrated in FIG. 5. 
As shown, filter 32 of FIG. 5 includes a central obstruction 34 which is designed to block only the 0-order 
beam. This filter will allow to pass two first orders diffracted by object gratings oriented in any directk^n on 
the mask (45*, vertical, horizontal, etc.). The arrangements of RGs. 4 and 5 are considered to be less 
sensitive to system misalignment than the arrangement of FIG. 3, since the diffraction pattern may be 
15 significantly offset from the masks in either the horizontal or vertical directions, and the first-order beams 
- will still pass through and interfere at the wafer's surface. In contrast, a slight misalignment of filter 22 (as 
shown in phantom in FIG. 3) will result in a portion of at least one of the firstorder beams being blocked. It 
is to be understood, however, that the arrangement of FIG. 3 has the advantage of reducing the amount of 
stray (background) light reaching the wafer surface, thus providing a higher contrast image when compared 
20 to the filter designs of FIGs. 4 and 5. In addition, it may filter out many mask imperfections, such as 
scratches and dust particles. 

The following description will provide a detailed analysis of the exposure of the exemplary grating 
structure A depicted in FIG. 2. This particular grating structure was chosen merely to simplify the 
mathematics which are presented below. It is to be understood that the 0-order blocking technique may be 
25 used to expose virtually any grating pattern. 

A typical grating pattern A can be described by the relation: 
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where p is the period of the grating, a and b the grating dimensions in the x and y directions, respectively 
(p. a and b are Illustrated in FIG. 2), 
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is a zero-one function of width p/2. 
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a(x) is Dirac £ function and * denotes a convolution operation. RG. 6 illustrates this particular function. The 
Fraunhofer diffraction pattern (spectrum) of an illuminated object Is its Fourier transform. Thus, in accor- 
dance with the present invention, the spatial filtering is perfonmed at the aperture plane of the lens system, 
which is placed in the frequency plane of the object i.e. the plane where Fraunhofer diffraction pattern of 
the object is displaced. For grating pattern A. the Fourier transfonm is given by the following: 



T(^.'n)=[^^sinc 



comb 



[p^]5(Tl)j** 



(ab)sinc(a^,bTi). (2) 



where { and i; are the spatial frequencies of the grating in the x and y directions, respectively, and 
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5 The terrn - denotes a tvvo^flmensional convolution func^^^ 
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relationships between the spSi I^J^ t^JlT "^'^""^ """^ f^'^^- 3. the follo^ng 

dimensions of apertures 24 ^ie^ ^^ ^ dimensions are used to detemilne the actual 
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nip 



^ placed at a distance 

nip 

from the center of the filter. 

The spectrum of the diffracted image after it passes through the filter may thus be obtained by 
multiplying equations (3) and (4) together 
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U(^.Tl)=mTl)H($,Tl) 

+ 5 



20 



= — +5 *(m^ab)sinc(nia^,mbTi), (5) 

ITWt L I J I "V JJ 



where 



Sine 



^ has been used. The complex amplitude of the image may then be obtained by performing an inverse 
Fourier transform on equation (5): 



S5 



u(x,y)=: 



nm 



cos 



2nx 



mp 



rect 



ma * mb 



(6) 



40 



the approximation related to the assumption that the sinc-f unction components of the spectrum are so 
nanrow. relative to the width of filter H(|,ij), that they will either be passed or completely eliminated. Since 
the 0-order tenm (as well as higher orders: 2nd» 3rd. etc.) has been blocked by filter 22. the image 
amplitude varies as a cosine function with a period p' equal to the period p of the grating multiplied by the 
magnification factor m of the system. 

Lastly, the irradiance at the image plane is given by: 



so 



1= I Au(x,y) I 2 

= [iA fees' P« 

1 1 +COS 
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where A is the coefficient which depends on the magnitude of the illuminating wave field and the tosses in 
the optical system. The image irradiance is illustrated In FIG. 9. Since the Inradiance is a squared function 
of the amplitude, it will also be a cosine function, with a period half that of the amplitude distribution. That 
is, if the desired grating period in the image is p', the period on tiie mask grating should be p=2p/m. 



7 



BP 0 352 975 A2 

r*p-i°S":.vA^nrSr?"'* '"-^^ »« on *e .ask 




35 



40 



(11^+8) mp J [ma' mbj ^ ' 

would intr^uce differem Sha^^^ Z S^^'Z"^^ """^ '^^ 
illuminating beam and the otS raS^nn LJT^ 2 ? ^""""9 ^ small numerical aperture 
mask bel4 one behi S^S^mfS^^LtJ^^ihtJ'^'^H'l^^^^^ "^'"^ ^^^^ ^ the 

with twice the nomial ireol^r^TS 7a^^ Tr^ ^'^^ ^.^""'^ "° ^^"^ "^^ Sitings 
transmission mask. SnStTZr^^ ^ ™^ ,2 '^r' 'T'^ ^'^^^ than wHh an ortinary amplitude 
o«ler blocking spatial fiSrTn tl^^LST ' ^ '^'^'^^ ««« the 0- 

.n th^tSSS^^SirminS^S'bZ^^ T ''"r ^ "'"^ 10. 

blocked In the Fburi^SZHJiS - SS^J^r «f H^'lf 7* ^^.^Pf*^^ ^- and the O^rder is not 
aperture in the projection ^Ts 7 a i„™. **° ordera is blocked by the edge of the 

corresponding to a. Sr«*|*sc«i.^*! ^ beam was tilted at an angle in the x-direcfion 
axis aiuminatTon cie^xcept fa? a^STthl J "1 the same as for the on- 

the spectrum of the ge^S<^image CaS^t^e' 1 1 7^"" "l"^"* & - lAnp as shown In 
& (^cc being the cohSnt cutoff fr3n^ «S1S^sS) inf ^^^'"^ ^cc- 

aperture. i.e.. the beam at the anate whirfi ZrZ^^^.' beam will be stopped by the lens 

through the lens. "^"^ t^ '^'^^V 

frorn'trXT^^VL'S:^^?^^^^^ ^ ^"^ s-rce 32 which is located at an angte . 

condenser lens ,4. ProieSc^^ensTandriL^r^^ 3° "t"-s 

appearing on mask 18 to wafer so a - « . ' ** t° transfer the pattern 

p- 



50 



S5 



at the 
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-BNSDCXJID: <EP ^0352975A2.|_> 



EP 0 352 975 A2 



be somewhat disHBIa. The disadvantages are that only high frec^PTcy gratings approxiniately in the 
direction of the oblique illumination may be printed, and it may l>0 difficult to provide such oblique 
illumination In a conventional camera system. 

In summary, the on-axis frequency doubling spatial filtering technique would be utilized in situations 
5 where there are gratings oriented in several directions, or where the mask contains only grating structures. 
Oblique illumination may t>e preferred alternative when it is desirable to print coarse features as well as 
gratings, as long as the gratings are all oriented in approximately the same direction. 

If the mask contains gratings of the same period, but with duty cycles other than one-half (l.e., unequal 
si2e of lines and spaces), their images will look exactly the same as the images of gratings with equal lines 
10 and spaces. The difference in duty cycle will only affect the widUi of the envelope sine functions in the 
image spectrum, which results in change of the percentage of the light diffracted into two first orders. 

It is possible to produce tiie grating with duty cycles different ttian one-half by overexposing or 
underexposing the resist film which will result in different line wkJtii In the grating after ttie devetopment and 
etching process. 

T5 

EXAMPLE 



20 Gratings with a period of 0.5 um were fabricated using the spatial frequency doubling system of the 
present invention. The system used a KrF excimer laser, operating at 248.4 nm as its illumination source. A 
5X reduction (0.2 magnification factor) fused silica lens with a numerical aperture of 0.38 and a 14.5 mm 
diameter field was used as the projection system. The mask contained 2.5 mm x 1 .25 mm gratings of 5 um 
period uniformly distributed across the mask's field. The spatial filtering was accomplished by placing a 

25 filter with two openings (6.2 mm x 3.1 mm, spaced 30.1 mm apart) into the projection Jens. 

The wafers to be exposed included a 10 urn ttiick oxide top surface layer upon which a conventional 
deep UV-tri-level photoresist was deposited. FIG. 12 is an SEM photograph of the pattern transferred into 
the photoresist. As shown, well-defined gratings with a period of 0.5 um were formed. The wafer period of 
0.5 um being a result of the mask period multiplied by the magnification factor, then divkied by 2, ttie 

30 division the result of the frequency doubling technique of the present invention. 

In accordance with the teachings of the present invention, therefore. It Is possible to double the 
resolution of a standard projection system by inserting a 0-order blocking filter at the position within the 
projection system where the Fraunhofer diffraction pattern (Fourier transform) of the mask appears. 

35 

Claims 

1. A lithography system (e.g., 10) for exposing patterns consisting of regular lines and spaces on a 
wafer surface, the system comprising 

40 an illumination source (e.g., 12); 

a mask (e.g., 18) containing at least one pattem with a predetermined period p which is Illuminated by said 
illumination source, a Fraunhofer diffraction pattem, including a 0-order. ± first order and a plurafity of 
higher-order beams, created by the illumination passing through the at least one pattern: and 
an imaging system (e.g., 14, 15. 16) with a predetermined magnification factor m disposed between the 

45 mask and the wafer for directing the illumination towards the wafer surface, 
CHARACTERIZED IN THAT 

the imaging system includes a spatial filter (e.g., 22) positioned to intercept the Fraunhofer diffraction 
pattem, said spatial filter including a central obscuration. 

2. A lithography system as defined in claim 1 wherein the illumination source is chosen from the group 
50 consisting of coherent illumination and partially coherent il!uminatk>n. such that tiie central obscuration of 

the spatial filter completely intercepts the 0-order beam of the Fraunhofer difft-action pattem, wherein the at 
least one pattem exposed on the wafer surface comprises a period p = pm/2. 

3. A lithography system as defined in claim 2 wherein tfie illumination is coherent. 

4. A lithography system as defined in claim 3 wherein the illumination source is chosen from the group 
55 consisting of excimer laser sources, x-ray sources, visible sources, UV sources, near-UV sources, and 

deep-UV sources. 

5. A lithography system as defined in claim 2 wherein the Illumination source is partially coherent. 

6. A litiiography system as defined in claim 2 where the at least one pattem contained in the mask is 
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chosen from the group coi^^^ of grating patterns, grid patterns, Fresne^j^ plates, and concentric 

circular patterns. . , , r*i x *s 

7. A lithography system as defined in claim 6 wherein the grating pattems. include a plurality of gratings 
of different periods, phase-shifted gratings, and chirped gratings. 

a A lithography system defined in claim 6 wherein the mask is transparent and the pattern on the mask 
consists of regions that produce different phase delay in the light passing through the regions- 

9. A lithography system as defined in claim 2 wherein the spatial fitter is essentially opaque, wfth a pair 
of apertures which are capable of passing only the tfirst-orders of the Fraunhofer diffraction pattern. 

10- A lithography system as defined in claim 2 wherein the spatial filter is essentially transparent with a 
vertical opaque stripe of a predetermined width sufficient to intercept the 0-order beam of the Fraunhofer 
diffraction pattern. * 

11. A lithography system as defined in claim 1 wherein the Illumination source is chosen from the group 
consisting of coherent illumination and partially coherent illumination, the illumination source positioned at 
an oblique angle relative to the optical axis of the lithography system, and the mask containing gratings 
oriented with the oblique illumlnatton source, the pattems comprising a spatial frequency greater than the 
coherent cutoff frequency (Ice) of the lithography system. 

12. A lithography system as defined by claim 10 wherein the mask conta'ns both relatively large 
features (several microns) and grating pattems. 

13. In a projection litfiography system, a metiiod of increasing the system resolution, ttie metiiod 

comprising the steps of: . ^ . 

a) providing a mask containing a series of lines and spaces, defined as a pattern, to be fomied on a 

wafer surface; and 

b) illuminating ttie mask provided in step a), tiie illumination fonning a Fraunhofer diffraction pattern 
in Fourier transfonn plane of sakl mask, tfie Fraunhofer diffraction pattern consisting of a 0-order. ±tirst- 
order and a plurality of higher-order beams; 

CHARACTERIZED IN THAT 

the method further comprises tfie step of: 

c) filtering tiie Fraunhofer diffraction pattern in tiie Fourier transform plane so as to remove a central 
portion of tiie Fraunhofer diffraction pattern prior to said pattern reaching tine wafer surface. 

14. The metiKxl of claim 12 wherein in performirig step b). tiie filtering removes tiie 0-order beam of ttie 
Fraunhofer diffraction partem. . 

15. The mettwd of claim 12 wherein performing step b). tiie filtering removes tiie 0-order and ttie 
plurality of higher-order beams of the Fraunhofer diffraction pattern. 

16. The metiiod of clam 12 wherein in perfonming step a), tiie mask contains a plurality of different 
pattems chosen from tfie group consisting of grating structures, grid structures, concentric circle structures, 
and Fresnel zone plate structures. 

17. The metiiod of claim 15 wherein tiie group of grating structures comprises gratings of different 
periods, phase-shifted gratings, and chirped gratings. 

18. The metiiod of claim 12 wherein in performing step b). the illumination is chosen from tiie group 
consisting of coherent illumination and partially coherent illumination. 

19- The metiiod of claim 17 wherein tfie coherent Illumination is chosen from tiie group consisting of x- 
ray. visible, UV, near-lTV and deep-UV. 

20. The method of claim 17 wherein tfie perfomning step b), tfie illumination source is located along tfie 
optical axis of tiie litiiography system and in performing step c). tiie filtering removes the 0-order beam of 
Fraunhofer diffraction pattem. wherein tiie removal of tiie 0-order beam results in doubling tfie resolution of 
the Ifthography system. 

21. The metiiod of claim 17 wherein in performing step b). tfie illumination source is positioned at an 
oblique angle relative to tiie optical axis of tfie litfiography system, in performing step a), tfie mask contains 
a pattem witfi a spatial frequency greater tiian the coherent cutoff frequency of tiie litfiography system, the 
pattems oriented to be aligned witfi tiie oblique illumination source, and in perfonming step c), tiie filtering 
altows tfie 0-order and a first-order beam to pass tfirough and interfere at tfie wafer surface. 
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@ A lithography system Is disclosed which is ca- 
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associated with conventional systems. A spatial filter 
(e.g., 20), positioned to Intercept the Fraunhofer dif- 
fraction pattern of the mask (e.g., 16) being exposed, 
is configured to prevent certain orders of the diffrac- 
tion pattern (in most cases the 0-order and ±2nd, 
3rd. ... orders) from reaching the wafer's surface. 
The remaining orders reaching the wafer surface (in 
j^most cases the first-order beams) will produce a 
^cos-type interference pattern with a period half of 
that If the mask grating were imaged without spatial 
|P filtering. Therefore, for a system with a given mag- 
0jnificatlon factor m, a mask grating with a period p 
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[jjwith a period of p' = pm/2. Advantageously, the spa- 
COtial filtering technique of the present invention allows 
^for a variety of different structures (conventional grat- 
ings, chirped and phase-shifted gratings, grids, Fres- 
flLnel zones plates, etc.), as well as structures of 
^different sizes and orientations, to be included on 
one mask and transferred to the wafer with a single 



exposure cycle. 



Xerox Copy Centre 




£uropean Pate. 
Office 



EUROPEAN SEARCH REPORT 



AprlicMion Number 



EP 89 30 7398 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D.A 



CitatioD of document with indication, where appropriate, 
of relevant passages 



US-A-3 748 019 (F. BESTENREINER et 
al.) 

* abstract; figures 1-8; column 1, 
lines 25-47; column 1, line 58 - column 
2, line 45; column 4, line 23 - column 
5, line 20; column 6, lines 38-54; 
column 8, lines 2-16; claims 1-5 * 



US-A-4 360 586 (D.C. FLANDERS et al.) 
* abstract; column 2, line 67 - column 
3, line 34; column 5, lines 29-63; 
claims 1-8; figures lA-2,4-6D,9 * 



Relevant 
to claim 



1-9.13- 
20 



CLASSmCATION OF THE 
^FUCATION Ont. a.S) 



10-12, 

21 

13-20 



1-12,21 



The present search report has been drawn up for all claims 



Place of seanji 

BERLIN 



Date of ooMpletiOD of tlie search 

07-03-1990 



G 03 F 9/00 

G 03 F 7/00 

6 03 B 41/00 

G 03 B 27/53 



TECHNICAL FIELDS 
SEikRCHED Ont C13) 



G 03 6 

G 03 F 
G 01 T 
B 05 D 



MANNTZ W W 



CATEGORY OF UTED DOCUMENTS 



X: 
Y: 



O 



; particularly relevant if taken alone 
; particuiariy relevant if combioed with another 
document of the same category 
A : technological baclcground 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
£ : earlier patent document, bm published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSCX)CID: <EP ^0352975A3J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGEi:UT OFF AT TOP, BOTTOM OR SffiES 

^□faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 
opines or marks on original document 

ference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




